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EULQJQHHGWRGHYHORSSUHYHQWLYHPHDVXUHVIRUVROXWLRQRIDULVHQFULVLVVLWXDWLRQDQGIRUHOLPLQDWLRQRIWKHLULPSDFWV
2QHRIWKHOLPLWLQJIDFWRUVLQZRUNRIFULVLVPDQDJHURUGLVSDWFKLQJVLWHLVWRREWDLQVXIILFLHQWDPRXQWRIH[DFWDQG
IDVW LQIRUPDWLRQ DQG VXIILFLHQW FRPSXWHU VXSSRUW WR GHFLVLRQ SURFHVV 6RIWZDUH SURGXFW$675$ FDQ EH XVHG WR
SURYLGHDERYHPHQWLRQHGPLVVLQJLQIRUPDWLRQVXSSRUW
7KHRUHWLFDOEDFNJURXQGRIWKHSUREOHPVROXWLRQ
1RZWKHUDLOWUDQVSRUWLVFUXFLDODPRQJVWDOOXVHGWUDQVSRUWPHDQV&RPSDULQJWRRWKHUWUDQVSRUWPHDQVLQFDVHV
RIFULVLVVLWXDWLRQVDQGWKHLUVROXWLRQVUDLOWUDQVSRUWKDVPDQ\DGYDQWDJHV
x LWKDVKLJKWUDQVSRUWFDSDFLW\
x LWLVKLJKO\UHOLDEOHLWGRHVQRWGHSHQGRQGD\WLPHRUZHDWKHU
x LWLVVXLWDEOHIRUSXEOLFWUDQVSRUWDQGPDWHULDOWUDQVSRUWRQPHGLXPDQGODUJHGLVWDQFHV
x LWUHDFKHVKLJKVHFWRURUPD[LPDOVSHHG
2QWKHRWKHUKDQGLWKDVDOVRVRPHGLVDGYDQWDJHV
x WUDQVSRUWVSHHGLVUHODWLYHO\ORZIURPWKHPRPHQWRIORDGLQJRIJRRGVWRWKHPRPHQWRIXQORDGLQJ
x LQFDVHRIWUDQVSRUWLQIUDVWUXFWXUHGDPDJHLWVUHQHZDOUHTXLUHVORWRIWLPHDQGORWRIPRQH\
x LWUHTXLUHVHVSHFLDOO\WUDLQHGHPSOR\HHV
x LWUHTXLUHVSRZHUIXOPDFKLQHVIRUUHPRYDORIFRQVHTXHQFHVRIDFFLGHQW.LWDPXUD.XZDKDUD
7KHH[SHULHQFHVKRZVWKDWLQFDVHVRIFULVLVVLWXDWLRQVRIZLGHUDQJHVZKHQWKHURDGWUDQVSRUWZDVSDVVHGDZD\
RULWVFDSDFLW\ZDVORZWKHUDLOZD\VZHUHZRUNLQJZLWKRXWOLPLWV(VSHFLDOO\LQFDVHVRIKXJHHYDFXDWLRQVWKHUDLO
WUDQVSRUWZDVWKHPRVWLPSRUWDQWWUDQVSRUWPHDQ&ULVLVDQGH[WUDRUGLQDU\VLWXDWLRQVLQWUDQVSRUWLQIUDVWUXFWXUHFDQ
FDXVHYLRODWLRQRUDEUXSWLRQRI WUDQVSRUW ,QFDVHVRI WUDQVSRUW LQIUDVWUXFWXUHYLRODWLRQ WKH WUDQVSRUWFDQEHVWDUWHG
LPPHGLDWHO\,QFDVHRIWUDQVSRUWDEUXSWLRQWKHUHQHZDOKDVWREHSURFHHGHGWRSURYLGHEDVLFWUDQVSRUWFDSDFLW\,Q
ERWKFDVHVWKHWUDQVSRUWFRXOGEHGRQHLQOLPLWHGUDQJHDFFRUGLQJWRQRWXVXDORUJDQL]DWLRQ'YRĜiNHWDO
,QSUHVHQWWLPHWKHUHLVDSODQWRSUHSDUHDQXPEHURIDFWLRQVIRFXVHGRQWUDQVSRUWURXWHUHQHZDOZKLFKVKRXOG
KHOSLQUHPRYLQJRIQHJDWLYHDVSHFWVLQUDLOZD\WUDQVSRUW8QIRUWXQDWHO\WKHUHH[LVWVQRXQLTXHPHWKRGDLPHGRQ
SURYLGLQJ UHTXLUHG WUDQVSRUW FDSDFLW\ E\ HIIHFWLYH ZD\ LQ FRQGLWLRQV RI OLPLWHG WUDQVSRUW FDSDFLW\ ZKLFK FRXOG
FUHDWHIXQFWLRQDOWHFKQRORJ\IRUUDLOZD\WUDQVSRUW'YRĜiNHWDO.
'XHWRPHQWLRQHGIDFWVDQGLVVXHVWKHSURMHFWUHDOL]HGIROORZLQJDFWLRQV
x (ODERUDWLRQDQGDSSOLFDWLRQRIPRGHUQPDQDJHPHQWPHWKRGVRQFKRVHQSUREOHPV
x 7KHRUHWLFDOLQYHVWLJDWLRQLQWKHDUHDRILQWHUHVWEDVHGRQWHVWLQJE\WKHFRPSXWHUSURJUDP$675$DVZHOODV
LW¶VSUDFWLFDOXVDJHLQFDVHVRIFULVLVVLWXDWLRQV
x 'HILQLQJRIPDQDJHPHQWDOJRULWKPVIRUPDQDJLQJRIUDLOZD\WUDQVSRUWLQOLPLWHGFRQGLWLRQV
x 7HVWLQJRISRVVLEOHHYDOXDWLRQVRIWUDQVSRUWVLWXDWLRQRQURXWHVHFWRURUZKROHURXWH
x &UHDWLQJRIJHQHUDOWKHRU\DVDEDVHIRUIXWXUHUHVHDUFKDQGVROXWLRQILQGLQJIRUWUDQVSRUWWHFKQRORJ\SUREOHPV
LQFULVLVVLWXDWLRQV
x &UHDWLQJRIWKHFULVLVWUDLQGLDJUDPLQUDLOZD\WUDQVSRUW
$ERYHPHQWLRQHG SURFHGXUHZDV D EDVH IRU FUHDWLRQ RI DOJRULWKPV DQGPRGHOV8VLQJ FUHDWHG DOJRULWKPV DQG
PRGHOV ZH FUHDWHG LQGLYLGXDO VXESURJUDPV ZKDW OHG WR FUHDWLRQ RI SURJUDP SURGXFW ZKLFK LV GHGLFDWHG WR
RSHUDWLRQDOSODQQLQJLQUDLOZD\WUDQVSRUW0LODWDHWDO
2XULQVWLWXWLRQLVZRUNLQJRQLVVXHVRIPRGHOOLQJLQUDLOZD\WUDQVSRUWLQDORQJWHUPKRUL]RQ,QSDVWZHZHUH
RZQHURIVXIILFLHQWSURJUDPPLQJHQYLURQPHQWDVZHOODVKLJKSHUIRUPDQFHFRPSXWHUV$IWHU\HDUZHVWDUWHG
ZLWK GHYHORSPHQW RI RXU RZQ WKHRUHWLFDO PRGHOV ZKLFK ZHUH EDVHG RQ KXJH VWDWLVWLFDO LQYHVWLJDWLRQ :H
LQYHVWLJDWHG LQGHWDLOZKDWDUH WKHFRQQHFWLRQVDQGGHSHQGHQFHVRI WUDYHOOLQJ WLPHRQ WZHQW\ WUDFNVHFWRUV:H
SURFHVVHGPRUH WKDQ  WKRXVDQGV RI GDWD VHWV DERXW UHDO WLPH IRU LQGLYLGXDO WUDLQV WR SDVV WKH URXWH 0LODWD

:HGHVLJQHGRXURZQDOJRULWKPVEDVHGRQWKRVHILQGLQJV0DWKHPDWLFDOVXSSRUWZDVEDVHGRQPDQ\ZHOONQRZQ
PDWKHPDWLFDO DQG VWDWLVWLFDO PHWKRGV )LUVW UHDO UHVXOWV VKRZ WKH LPSHDFKPHQW RI ZHOONQRZQ GLYLVLRQ RI
SUREDELOLWLHV:HZHUHIRUFHGWRILQGGLIIHUHQWYDULDWLRQVRISUREDELOLWLHV7KHUHVXOWVRIRXUUHVHDUFKZHUHDSSOLHG
LQWRFUHDWHGSURJUDPSURGXFW$675$±7UDIILFPRGHOOLQJRQWKHUDLOZD\VHFWLRQ)LJ
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

)LJ7KHILUVWZLQGRZRI$675$VRIWZDUHLQ6ORYDNLDQ
5HVHDUFK LQ WKLV ILHOG LVFRQQHFWHG WRPDQ\SUREOHPV2QHRI WKHPZDV WKDW LW LVQRWSRVVLEOH WRDSSO\FKRVHQ
WKHRU\ RQ PDWKHPDWLFDO PRGHOV IRU DOO VLWXDWLRQV 7KHUHIRUH ZH FKDQJHG DSSOLHG WKHRUHWLFDO DSSDUDWXV:H DOVR
FKDQJHGPHWKRGRORJ\RI FDOFXODWLRQ IRU VLPXODWLRQVDQGZHPRGLILHGGHVLJQHGSURJUDP:HGHVLJQHG$675$
ZKLFKLVDEOHWRPRGHODQGVLPXODWHSUREOHPVDOVRRQRQHWUDFNURXWHV
0DWKHPDWLFDOIUDPHZRUN
7KHUDLOZD\WUDQVSRUW LQURXWHVHFWRUV LVSRVVLEOH WRXQGHUVWDQGDVEXONVHUYLFHV\VWHPDQGLWFRQVLGHUVUDLOZD\
URXWHDVDVHUYLFHOLQH,WLVDV\VWHPZKLFKLVDOVRZHOONQRZQDV00ZKHUHWKHUHDUHQROLPLWVLQUHTXLUHPHQWV
VWDWLRQV RI VHUYLFHV DUH OLPLWHG LQ RXU FDVH LW LV RQH VHUYLFH VWDWLRQ DQG ZDLWLQJ IRU VHUYLFH UHTXLUHPHQWV 7KH
VLPXODWLRQRIWUDIILFLQUDLOZD\URXWHVHFWRUVGHSHQGVRQWKUHHSDUDPHWHUV
x 7LPHLQWHUYDORIWUDLQHQWUDQFHWRWKHURXWHVHFWRU
x 7LPHRIURXWHVHFWRURFFXSDQF\
x 1XPEHURIURXWHDQGVWDWLRQWUDFNVRQZKLFKWKHWUDIILFZLOOEHGRQHDQGFDQEHSRVVLEO\XVHGIRUZDLWLQJRI
WUDLQV1RYiN0LODWD
'XULQJ HYDOXDWLRQ RI WUDQVSRUW FDSDFLW\ RI URXWH VHFWRU ZH GLG QRW FRQVLGHU RQO\ URXWH VHFWRU EHWZHHQ WZR
QHLJKERULQJWUDLQVWDWLRQVEXWZHHYDOXDWHGURXWHVHFWRUVEHWZHHQVRFDOOHGWUDLQFUHDWHGDUUDQJHFRQILJXUHFUHDWH
VWDWLRQV6XFKVHFWRUVDUHIRULQVWDQFHUHOD\Zilina6WDWLRQ$±Vrútky6WDWLRQ%±Poprad6WDWLRQ&±Košice
6WDWLRQ'5DLOZD\URXWHVHFWRUFDQFRQVLVWIURPGLIIHUHQWQXPEHURISDUWLDOURXWHVHFWRUV)LJ

 
)LJ*UDSKLFDOGHVFULSWLRQRIWUDLQFUHDWHGVWDWLRQV
6LJQLILFDQW SDUW RI FULVLV VLWXDWLRQV OHDGV LQWR ORZHULQJ RI QXPEHU RI URXWH WUDFNV ,I WKHUH LV RQO\ RQH WUDFN
DYDLODEOHLQVWHDGRIWZRURXWHWUDFNVLWFKDQJHVWHFKQRORJ\RIUDLOZD\WUDQVSRUWUDSLGO\
6WDWLRQ$6WDWLRQ%6WDWLRQ&6WDWLRQ'
5HOD\$±'
5RXWHVHFWRU$%5RXWHVHFWRU%&5RXWHVHFWRU&'
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,QFRPLQJIORZRI UHTXLUHPHQWV± WUDLQVDUHRULJLQDWLQJ LQ WUDLQJHQHUDWLQJVWDWLRQVRQGLUHFWLRQ WUDFNV*HQHUDWHG
WUDLQV DUHZDLWLQJ IRU GHSDUWXUH LQ RXWJRLQJ VHW RI WUDFNVZKHUH WKH\ FDQ FUHDWH TXHXH 7KH WUDFNV LQ VHOHFWHG WUDLQ
VWDWLRQVDUHXVHGIRUWUDLQMRXUQH\EXWWKH\FDQEHDOVRXVHGIRUWUDLQVWRSSLQJZKLOHZDLWLQJ'XHWRWKHOLPLWDWLRQRI
WUDFNQXPEHUWKHUHDUHDOVROLPLWVIRUTXHXH±QXPEHURIWUDLQVZDLWLQJ6RXãHNet al.,WLVQRWSRVVLEOHWRSUHSDUH
WKHWUDLQWUDQVSRUWGLDJUDPZLWKFRQVLGHUDWLRQRIIORDWLQJGLVSOD\HGDFWLRQVWUDLQMRXUQH\VWDWLRQLQWHUYDOV WUDLQDQG
VWDWLRQPHDVXUHVDQGDFWLRQHWF
7LPH QHHGHG IRU WKHVH DFWLRQV KDV WR EH FRQVWDQW 'XUDWLRQ RI WUDLQ SDVVLQJ WKH VDPH URXWH VHFWRU KDV WR EH
SODQQHGDVIL[HGGHVSLWHWKHIDFWLWLVQRWOLNHWKLV7KHIDFWLVWKDWWKHSURJUDP$675$GRHVQRWRIIHUFRQVWDQWWLPH
GXUDWLRQRIDFWLYLWLHVVRLWZLOOEHHVVHQWLDOWRDGGWKLVIXQFWLRQ7KHPDLQSUREOHPLVZKLFKYDOXHVKRXOGEHXVHG
(UODQJ¶VGLVWULEXWLRQLVVLGHORQJWRWKHULJKW
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$IWHU DQQRXQFLQJ RI RQH RI WKH FULVLV VWDWHV WKH5DLOZD\V RI 6ORYDN5HSXEOLF FDQ RUJDQL]H UDLOZD\ WUDQVSRUW
DFFRUGLQJWR³FULVLVWUDLQGLDJUDPRIUDLOZD\WUDQVSRUW´7KLVWUDLQGLDJUDPLVEDVHGRQ³OLVWRISDVVHQJHUWUDLQVIRU
FULVLVVLWXDWLRQSHULRG´([DPSOHFDVHRIVXFKVLWXDWLRQLVVKRZQRQ)LJ7KHGLOHPPDZDVZKHWKHUZHVKRXOGXVH
DYHUDJHRIJHQHUDWHGYDOXHVRUPHGLDQRIPD[LPDODQGPLQLPDOJHQHUDWHGYDOXH'HFLVLRQYDULDEOHIRUVLPXODWLRQV
LQUDLOZD\WUDQVSRUWLVWKHWLPHRIRFFXS\LQJRIURXWHVHFWRU
njjocc tt W   
ZKHUHLQWHUYDOWnjLVJHQHUDOO\FRQVLGHUHGWREHUDQGRPYDULDEOH7KHUHIRUHZHFDQFRQVLGHUWUDYHOOLQJWLPHtjDOVRWR
EH UDQGRPYDULDEOH7KHEHVWGHVFULSWLRQRI WUDYHOOLQJ WLPH LVE\(UODQJ¶VGLVWULEXWLRQRI UDQGRPYDULDEOHZKLFK
XVHV WZRSDUDPHWHUVaDQGb. 3DUDPHWHUaLV LQ DOO FDVHVFRQVWDQWa = 3DUDPHWHUb LVGHSHQGHQWRQPHGLDQRI
WUDYHOOLQJWLPHtj p DQGLWLVFDOFXODWHGIURPUDWLRb = a/ tj p. $ERYHPHQWLRQHGVROXWLRQVDUHYDOLGRQO\IRUWZRWUDFN
URXWHV7KHVROXWLRQLQWKHLUFDVHLVXVXDOO\TXLWHVLPSOH


)LJ*UDSKLFDOGHVFULSWLRQRIWUDLQFUHDWHGVWDWLRQV
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6RIWZDUHVXSSRUWIRUUDLOZD\WUDIILFVLPXODWLRQRQWKHUDLOVHFWLRQ
,Q6ORYDN5HSXEOLFWKHWRWDOFRQVWUXFWHGOHQJWKRIUDLOZD\URXWHVLVNP6LQJOHWUDFNURXWHVKDVOHQJWKRI
NPZKLFKRIWRWDOURXWHOHQJWK'RXEOHDQGPRUHWUDFNHGURXWHVKDYHOHQJWKNPZKLFKLVRI
WRWDO URXWH OHQJWK ,Q UDLOZD\QHWZRUNRI=65WKHUHDUHUDLOVZLWFKHVUDLOZD\EULGJHVDQGUDLOZD\
WXQQHOV6YHQWHNRYi
$FFRUGLQJ WR WKLV VWDWLVWLFVZH FDQ DVVXPH WKDW WKHPRVW SUREDEOH GHFUHDVH LQ WUDQVSRUW FDSDFLW\ LV LQ FDVH RI
VLQJOHWUDFNURXWH6ROXWLRQRIVXFKSUREOHPLVPXFKPRUHSUREOHPDWLFWDVNWKDQLWZDVLQSUHYLRXVFDVH7KHPRVW
FUXFLDO LVVXH FRQQHFWHG WR WKLV WDVN LV WKH IDFW WKDW LI WKH WUDQVSRUW LV RUJDQLVHG RQ VLQJOH WUDFN URXWH WUDLQV DUH
HQWHULQJ URXWH VHFWRU IURP ERWK VLGHV 7KHUHIRUH LW LV QHHGHG WR HYDOXDWH WUDLQ¶V SRVLWLRQ DQG EDVHG RQ WKLV WR
UHFDOFXODWHWKHLUSDVVLQJLQUDLOZD\VWDWLRQV
&RQGLWLRQ RI GHWHUPLQHG LQSXWV RI WUDLQV LV LQ WKLV FDVH PXFK PRUH VHULRXV EHFDXVH LW LV QRW SRVVLEOH WR
RYHUFKDUJH URXWH VHFWRU7UDLQV FDQ HQWHU RQO\ LI WKH VLWXDWLRQ DW OHDVW WKHRUHWLFDOO\ HQDEOHV WKHLU FRQWLQXRXV ULGH
7KHVH VLWXDWLRQVZLOO EH DOZD\VPDQDJHG E\ RSHUDWRUV DQG WKHUHIRUHZH FDQ QRW GHILQH LW DV VWRFKDVWLF LQSXWV RI
WUDLQV
,QDFFRUGDQFHWRFKDQJHLQWKHRUHWLFDODSSDUDWXVZDVSURJUDP$675$UHGHVLJQHGLQWR$675$
7KLV VRIWZDUH WRRO LV DEOH WRPRGHO DQG VLPXODWH UDLOZD\ WUDIILFRQGRXEOH WUDFN URXWHV RQ VLQJOH WUDFN URXWHV
LQFOXGLQJWKHFDVFDGHWUDIILFRQVLQJOHWUDFNURXWHV6ROXWLRQRIWKLVNLQGRISUREOHPZDVVROYHGLQSURJUDPSURGXFW
$675$)LJ


)LJ7KHVSODVKVFUHHQRIVRIWZDUH$675$
4.1. Input, changing and verification of data 
7KHSUDFWLFDOSDUWRIVROXWLRQZDVUHDOLVHGIRUVHYHUDO\HDUV7KHPDWWHURISURJUDPSURGXFWLVEDVHGRQGHWDLOHG
GDWDEDVH GDWD DERXW VWDWLRQV WUDFNV UDLOZD\ EULGJHV DQG WXQQHOV 3DUWLFLSDQWV RQ WKLV SURMHFWZHUHZRUNLQJZLWK
RULJLQDOWHFKQLFDOGHWDLOVJDLQHGLQSUHYLRXVSURMHFWV%DVHGRQGLJLWDOLVDWLRQLQFUHDWLQJWUDLQWUDQVSRUWGLDJUDPDQG
RQZDUGILOOLQJLQRIGDWDEDVHVDERXWSDUWLFXODUUDLOZD\REMHFWVE\GDWDIURPPRGHUQPHDVXULQJGHYLFHVSUHVHQWGDWD
PHWDILOHZDVLPSRUWHGGLUHFWO\IURPUDLOZD\LQIUDVWUXFWXUHSURYLGHU%DVLFDOJRULWKPRISURJUDPVWUXFWXUHLVVKRZQ
RQ)LJ
7KH LQSXW RI GDWD LV SUHFHGHG WKURXJK WKH UROO EDUV )LJ  5ROO EDU 5287( LQ 6ORYDN 75$7 ± JLYHV D
SRVVLELOLW\WRFKRRVHIURPDQ\UDLOZD\URXWHWKDWRSHUDWHE\5DLOZD\VRIWKH6ORYDN5HSXEOLFQH[W=657KHUROO
EDUPRWLYHYHKLFOHRIIHUVDOOSRVVLEOHYHKLFOHVIRUVHOHFWHGURXWH
$IWHUFKRRVLQJWKHURXWHDQGVHOHFWLRQRIGDWDEDVHILHOGVUHDOGDWDIRUURXWHVHJPHQWDUHORDGHGLQWRZLQGRZIRU
GDWD LQSXW,W LVSRVVLEOH WRFKDQJHVRPHRI WKHGDWD LQPHQWLRQHGGHWDLOHGGDWDILHOGV7KLVFDQ OHDGWRFKDQJH LQ
WUDQVSRUWFDSDFLW\0HQWLRQHGFKDQJHVZLOOEHVKRZQLQQRWHFROXPQDQGZLOOEHKLJKOLJKWHGLQUHG)LJ
7KHZRUNDQGSURFHHGLQJRIUHDOGDWDZDVYHU\LPSRUWDQWSDUWRIWKHSURMHFW3UREOHPDWLFREMHFWVZHUHVKRZQLQ
UHGFRORXULQRXWSXWZLQGRZ)LJ
)RU HYHU\GD\ ZRUN LQ WUDQVSRUW UDLOZD\ FRPSDQLHV LW LV LPSRUWDQW WR EULQJ QHZ WHFKQLFDO RU WHFKQRORJLFDO
VROXWLRQVZLWKSD\LQJDWWHQWLRQWRWKHVHREMHFWV'DYLGRYLFýHNHUHYDF
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

)LJ6FKHPHRIGDWDLQSXW±VRIWZDUH$675$

)LJ:LQGRZIRUGDWDLQSXWLQ6ORYDNLDQ
 6WDUW
'DWDLQSXW
6WDWLRQV,QWHUVWDWLRQVHFWRUV
0RWLYHYHKLFOHV&DUULDJHWUDLQ
/HQJWKRIWUDLQ:HLJKWRIWUDLQ
&RPSDULVRQRI
/HQJWKRIWUDLQDQGQRUPIRUWUDLQVHFWRU
:HLJKWRIWUDLQDQGQRUPIRUWUDLQVHFWRU
5HFRXQWLQJE\PRWLYHYHKLFOHV
5HFRXQWLQJE\PRWLYHYHKLFOHV
$PRXQWRI
'LVWDQFHRIVWDWLRQV
+ROGLQJWLPHRIVHFWRUV
'DWDIRUVHOHFWHGWUDLQVHFWRU
5HFRXQWLQJE\DGKHVLRQUDWH
6XESURJUDP6,08/$7,21
6XESURJUDP7,0(581
6XESURJUDP$&&(6,%/(63(('
(QG
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
)LJ)UDJPHQWRIZLQGRZVKRZLQJUHDOGDWDLQGDWDEDVHLQ6ORYDNLDQ

)LJ:LQGRZRXWSXWGDWDLQ6ORYDNLDQ
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7KHSURMHFWWHDPKDGWRFKRRVHDPHWKRGIRUGDWDFROOHFWLRQHLWKHUVWDQGDUGIURPUDLOWUDIILFWRROVRUH[SRUWRI
WKHGDWDIURPSURJUDP(;3(57ZKLFKLVXVHGIRUSURGXFWLRQRIJUDSKRIUDLOWUDIILFDQGSDUWLFXODUWRROV7KHVHFRQG
PHWKRGVHHPVWREHPRUHH[DFWZKLOHFRQVLGHULQJWKHSURJUDPPH$675$
([SRUWLQJRIWKHGDWDIURPSURJUDPPH(;3(57SURYLGHGIURP)DFXOW\RI0DQDJHPHQW6FLHQFHDQG,QIRUPDWLFV
DW8QLYHUVLW\RI=LOLQD$XWKRU9LOLDP7DYDþZDVGRQHLQFRRSHUDWLRQZLWKDXWKRURI(;3(57SURJUDPPH7KH
GDWDZDVDFWXDOLVHGDFFRUGLQJWRWKHDJUHHPHQWZLWK'LUHFWRUDWH*HQHUDORI=65
7KH DOJRULWKP IRU GDWD WUDQVIHU DQG WUDQVIRUPDWLRQ ZDV EDVHG RQ GDWD H[SRUW PHWKRGV IURP RWKHU VRIWZDUH
SURGXFWVZLWKIRFXVRQGDWDDERXWWUDQVSRUWFRQQHFWLRQSRLQWVVSHHGSURILOHVDVZHOODVGLUHFWLRQDQGJUDGLHQWUDWLR
)LJYDOLGIRUUHGXFHGSURILOHV


)LJ([SRUWGDWDDERXWULJJLQJDQGFXUYDWXUHLQ6ORYDNLDQ
4.2. Computer simulation and graphical visualisation 
*UDSKLFDOYLVXDOLVDWLRQLVEDVHGRQGLVSOD\LQJRIFRPSXWHUVLPXODWLRQFDOFXODWHGYDOXHVLQIRUPRIDJUHHGVLJQV
LQUHDOWLPHDFFRUGLQJWRVHOHFWHGWLPHVFDOH7KHVWDWLRQVRIVLPXODWLRQPRGHODUHGLVSOD\HGE\JUDSKLFDOVLJQVRQ
PRQLWRULQGHSHQGHQFHWRWKHLUSRVLWLRQRQVHOHFWHGVFDOH7KHWUDLQVDUHGLVSOD\HGE\EODFNVSRWVDFFRUGLQJWRWLPH
DQGORFDWLRQ'LVSOD\LQJFRQVLVWVIURP
x 6WDWLFREMHFWVDVVWDWLRQVWUDFNVVWDWLRQUDLOVVHFXULW\V\VWHPVFKDUDFWHULVHGE\WKHLUORFDWLRQDQGGLVWDQFHLQ
NLORPHWUHVVWDWHDQGQXPEHURIWUDFNV
x '\QDPLFDOREMHFWVVXFKDVWUDLQVHWVZKLFKDUHFKDUDFWHULVHGE\ORFDWLRQDQGVSHHG
x 'LVSOD\LQJLVSURFHHGHGLQ
x 0RPHQWVRIWLPHUYLRODWLRQYLRODWLRQRIWLPHULVGRQHLQJLYHQWLPHLQWHUYDOVZKLFKFDQEHFKDQJHGGXULQJ
VLPXODWLRQ
x 0RPHQWZKHQQHZUHTXLUHPHQWWUDLQHQWHUVWKHVLPXODWLRQPRGHO
'LVSOD\LQJRIJUDSKLFDOVLPXODWLRQLVVKRZQRQ)LJ7KLVVLPXODWLRQLVSUHFHGHGLQUHDO WLPHZLWKIRFXVRQ
WHFKQRORJLFDOVROXWLRQRISUREOHPREMHFW
2WKHUUHDORXWSXWRIVLPXODWLRQLVRYHUYLHZWDEOHZKLFKGLVSOD\VDOOQHHGHGGDWD)LJ
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'XHWRWKHIDFW WKDWGHWDLOHGOLVWRIDOOUHVXOWVZDVWRRGHWDLOHGIRUSUDFWLFDOXVLQJE\H[SHUWVLQILHOGWKHUHIRUH
SURJUDPPHUVRI$675$GHFLGHGWRFUHDWHVXPPDU\RXWSXWRIVLPXODWLRQUHVXOWV)LJ7KLVZLQGRZLVGHVLJQHG
WRHYDOXDWHSURMHFWHGVWDWHVWDWHDIWHUYLRODWLRQDQGVWDWHDIWHUDSSOLFDWLRQRIPHDVXUHV


)LJ:LQGRZRIJUDSKLFDOVLPXODWLRQLQ6ORYDNLDQ















)LJ/LVWRIVLPXODWLRQLQ6ORYDNLDQ
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7KHUHPD\RFFXUVLWXDWLRQVRQUDLOZD\QHWZRUNZKHQWKHWUDQVLWSHUIRUPDQFHLVORZHUWKDQQRUPDO0DQDJHPHQW
RIWUDLQWUDIILFRQWKLVVHFWLRQLVWKHQFUXFLDOIRUSHUIRUPDQFHDFURVVWKHOLQH$SURFHVVIRUWKHPDQDJHPHQWRIWUDIILF
LV LQ FDVH LV WRWDOO\ GLIIHUHQW IURP WKH H[LVWLQJ RQH 7KH UHVXOW RI WKH SURMHFW ± D VRIWZDUH$675$ FDQ HYDOXDWH
SRVVLEOH VLWXDWLRQV ZKHQ WKH WUDQVLW SHUIRUPDQFH RI UDLOZD\ QHWZRUN LV OLPLWHG 7KH SURJUDP GHVFULEHV SRVVLEOH
VROXWLRQIRUUDLOZD\WUDQVSRUWEDVHGRQPRGHUQPHWKRGVRIPDQDJHPHQWRI WUDLQWUDIILFDQGDFFRUGLQJWRVHOHFWHG
FULWHULDDQGWKHSURJUDPFDQGUDZJUDSKWUDLQVHUYLFHDVZHOO7KLVHQDEOHVIDVWRSWLPL]DWLRQRIPDQDJHPHQWRIWUDLQ
WUDIILFLQSDUWLFXODUVSDFH


)LJ5HVXOWVRIVLPXODWLRQLQ6ORYDNLDQ
&RQFOXVLRQV
 ,QUDLOZD\QHWZRUNWKHUHFRXOGDSSHDUVRPHVLWXDWLRQVZKHQFRPSDUHGWRXVXDOVLWXDWLRQVVRPHOLPLWDWLRQVLQ
WKHWUDQVSRUWFDSDFLWLHVRQFHUWDLQVHFWRUVDSSHDU2UJDQLVDWLRQRIWKHUDLOZD\WUDQVSRUWLQWKLVVHFWRULVFUXFLDO
IRU WKH WUDQVSRUW FDSDFLW\ RI WKH ZKROH URXWH 7KH PHWKRGV RI PDQDJHPHQW ZRUN DUH LQ WKLV FDVH WRWDOO\
GLIIHUHQWIURPWKHXVXDOPHWKRGV
7KH H[WHQW DQG FRQVHTXHQFHV RI HPHUJHQFLHV DQG YDULRXV FULVLV SKHQRPHQD DIIHFWLQJ RQ WKH WUDQVSRUW
LQIUDVWUXFWXUH OHDGVRIWHQ WRD VXEVWDQWLDO UHGXFWLRQ LQ WKH WUDQVLWSHUIRUPDQFHRU WRWDO LQWHUUXSWLRQRI WUDIILF
IORZV,QWHUPVRIWKHGHQVLW\RIWKHLQIUDVWUXFWXUHQHWZRUNLQ6ORYDNLDWKHPRVWVHULRXVLPSDFWRQOLPLWDWLRQ
RI WUDQVSRUW RI SDVVHQJHUV DQG JRRGV ZRXOG EH LQ FDVH RI URDG DQG UDLO WUDQVSRUW:KHQ GHFLGLQJ RQ WKH
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UHQHZDO RI LWV FDSDFLWLHV DQG WUDIILF WKH FRPSXWHU VLPXODWLRQV SOD\V DQ LPSRUWDQW UROH 3URMHFW $675$ 
RIIHUVRSWLPDOPDQDJHPHQWRIUDLORSHUDWLRQVZLWKIRFXVWUDQVLWSHUIRUPDQFH
7KH PRVW VLJQLILFDQW FRQWULEXWLRQ RI SURJUDP SURGXFW LV LWV VSHFLILF DQG RULJLQDO XVDJH RI SURFHVVHV IRU
FDOFXODWLRQRIPLQLPDOWLPHLQWHUYDOIRUWUDLQULGHLQUHDOURXWHVHFWRUV7KHDLPRIWKLVDUWLFOHLVWRH[SODLQQHZ
NQRZOHGJH IURP ILHOG RI UDLOZD\ WUDQVSRUW SODQQLQJ WKHRULHV LQ VSHFLILF FRQGLWLRQV DQG WR SUHVHQW FUHDWHG
VRIWZDUHSURGXFW$675$
 6RIWZDUHSURGXFW$675$HQDEOHV
x VHOHFWLRQRIWKHUDLOWUDFNVHFWLRQ
x VHOHFWLRQRIWKHWUDFWLRQXQLW
x FKRLFHRIVWDQGDUGZDJRQNLWV
x FKRLFHRIUHVLVWDQFHZDJRQNLWV
x DGMXVWPHQWVRILQSXWGDWDGLVSOD\HGRQWKHWUDFNVHFWLRQDFFRUGLQJWRWKHSDUWLFXODUVLWXDWLRQDQGGLVWRUWLRQV
x GUDIWRIWKHPHDVXUHVWRWKHGLVWRUWLRQRIUDLOZD\WUDFNVHFWLRQV
x GHWDLOHGFDOFXODWLRQRIWUDYHOWLPHVZLWKIRUVWDQGDUGWUDLQLQWKHVHOHFWHGURXWHVHFWLRQ
x LQSXWGDWDFKDQJHVRQWKHUDLOZD\WUDFNVHFWLRQVDFFRUGLQJWRWKHSDUWLFXODUEUHDFK
x FDOFXODWHWKHWUDQVLWSHUIRUPDQFHRQDOLPLWLQJWUDFNVHFWLRQ
x JHQHUDWLQJDWUDLQWLPHWDEOHDFFRUGLQJWRFXUUHQWWHFKQLFDOFRQGLWLRQV

7KLVSDSHUZDVVXSSRUWHGE\

3URMHFW9(*$3URFHVV0RGHORI&ULWLFDO,QIUDVWUXFWXUH6DIHW\DQG3URWHFWLRQLQWKH7UDQVSRUW6HFWRU
3URMHFW$399&ULWLFDO,QIUDVWUXFWXUH3URWHFWLRQLQ6HFWRU7UDQVSRUWDWLRQ
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